We used Japanese monkeys (Macaca fuscata) to establish an experimental model in order to clarify the pathogenicity of Helicobacterpylori in gastric and duodenal disorders. A suspension (5 ml; 109 CFU/ml) of H. pylori cells isolated from humans was sprayed around the antrum of the stomach of each of 12 of 17 animals with an endoscope. The remaining five animals were not inoculated; they served as a control group. On days 7, 14, and 28 after inoculation, the gastric mucosa samples were examined grossly and were biopsied for microscopic examination with an endoscope. H. pylori was recovered from 7 of the 12 inoculated animals (58%), and infiltration by neutrophils and monocytes was observed histologically. Macroscopic gastritis with erythema and erosions were noted for five of these animals. On day 28 after inoculation, five animals in the infected group were treated with ampicillin. In two infected but untreated animals, the bacteria persisted for more than 6 months. The result of the gastritis scoring of the antral mucosa and the ammonia concentration in the gastric secretion were significantly higher (P < 0.01 to 0.001) for the infected group than for the control group; however, these values decreased to levels comparable to those for the control group after treatment with ampicillin. Urease activity was positive in gastric biopsy specimens from five of the seven animals in the infected group after 7 days and from four of these animals after 14 days but was negative in all specimens from animals in the control group. The level of antibody (immunoglobulin G) in serum for the infected group was elevated but changed very little for the control group. These results suggest that this M. Jiscata model can be used to study H. pylon infection and that H. pyloyi can induce gastritis.
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The involvement of Helicobacterpylori cells in the pathogenesis of gastritis and duodenal and gastric ulcers and their epidemiology and treatment have been reported by a number of investigators (10, 14, 15, 22) since 1983, when Warren and Marshall (23) first isolated "unidentified curved bacilli," later designated H. pylon (7) , from human gastric mucosae.
This bacterium is often isolated from the antral mucosae of patients with gastritis and peptic ulcer (8, 15, 16, 22) . It causes acute gastritis and subsequent chronic gastritis in human volunteers (14, 17) ; however, neither the pathogenesis of the disease caused by H. pylon nor its optimum antibacterial therapy is known. One reason for the delay in progress in this field is that only a few species of animals are capable of being infected by this bacterial species. Small animals such as mice, rats, rabbits, and guinea pigs have been orally inoculated with H. pylon in attempts to induce gastritis, but such attempts have been unsuccessful (11, 21) .
Recently, gastritis similar to that found in humans has been established in gnotobiotic piglets (2, 11, 12) , barrierborn pigs (3), gnotobiotic beagle dogs (21) , and rhesus monkeys (4, 6) after inoculation with H. pylon, demonstrating that it is possible to produce models of infection with this bacterium. We sought to determine whether H. pylon can survive in the gastric mucosa of the Japanese monkey (Macaca fuscata), which is readily available in Oita, Japan, and whether infection in these animals resembles that in humans. Our findings both suggest that the monkey M. fuscata can be used as a model of H. pylon infection and provide evidence that H. pylon is pathogenic in the gastric mucosa. * Corresponding author.
MATERIALS AND METHODS Animals. Wild Japanese monkeys (M. fuscata) were given food designed for them (Oriental Yeast Co., Tokyo, Japan), as well as tap water, and were housed in separate cages at the Animal Laboratory Center of Oita Medical University. A total of 17 animals were examined endoscopically, histologically, and bacteriologically before study. All of these monkeys, which were free of H. pyloni infection, were included in this study ( Table 1 ). The present study was conducted in accordance with Oita Medical University guidelines for animal experimentation.
Bacterial strains. The bacterial strains used were H. pylori MCO 88155, MCO 88099, MCO 88142, and MCO 88156 isolated from two patients with gastric ulcers and two patients with duodenal ulcers. The bacterial strains were identified as H. pylon if they were microaerobic, gramnegative, curved rods; oxidase positive; catalase positive; urease positive; nitrate reductase negative; resistant to nalidixic acid; and sensitive to cephalothin (15, 19) .
Isolation of bacteria from gastric biopsy specimens. Biopsy specimens were placed in containers containing 2 ml of sterile 20% glucose solution, transported to the laboratory within 2 h, smeared on 7% sheep blood agar plates (basic medium, heart infusion agar; BBL Microbiology Systems, Cockeysville, Md.) and Belo-Horizonte medium (20) , and cultured under microaerobic conditions in anaerobic jars (Campypak System; BBL Microbiology Systems) at high humidity and 37°C for 4 days. The isolated bacterial strains were identified and stored in sterile 10% skim milk solution at -80°C.
Preparation of bacterial inoculum. The bacterial strains stored at -80°C were thawed at room temperature and cultured on 7% sheep blood agar plates under microaerobic Stomach biopsy specimens. The gastric mucosa was examined endoscopically, and biopsy specimens were collected from the antrum within 3 cm of the pyloric ring before inoculation and 7, 14, and 28 days after inoculation both from the infected and from the control groups. Each biopsy specimen was cultured for H. pylon and examined microscopically after hematoxylin and eosin staining for the gastritis score, Warthin-Starry silver staining, and Gram staining for examination of spiral bacteria.
Rapid urease test. The rapid urease test was performed by modifying the method described by Arvind et al. (1) . Urea (Wako Pure Chemical Industries Ltd., Tokyo, Japan) and phenol red were dissolved in distilled water to final concentrations of 10 and 0.01%, respectively, and the pH of the solution was adjusted to 6.0 with 0.1 M sodium dihydrogen phosphate. The solution was sterilized by passage through a millipore filter (0.22-,um pore size; Nihon Millipore Kogyo, Tokyo, Japan), aliquoted (0.5 ml) into 3-ml vials, and stored at 4°C. One biopsy specimen was placed in the test solution immediately after collection and was determined to be positive for urease if its color changed from pale yellow to red within 120 min or negative if no color change was observed.
Evaluation of gastritis. The grade of gastritis was evaluated by a scoring system based on the method described by Rauws et al. (22) . The maximum total score was 10, and gastritis was considered more severe at higher scores.
Ammonia concentration in gastric secretions. Gastric secretion samples (4 to 5 ml each) were collected before endoscopic biopsy. The ammonia concentrations were measured by a modification of the Okuda-Fujii method (18 (ii) Histological findings. Figures 1 and 2 show changes in the gastritis score and histological findings. The antral gastritis scores of the five animals infected with H. pylon were 1.4 ± 0.6 (mean ± standard deviation) before inoculation but increased significantly (P < 0.001) to 6.6 ± 0.5 on day 7 and to 6.6 ± 0.8 on day 14 after inoculation with H. pylon. Infiltration by inflammatory cells such as polymorphonuclear leukocytes and monocytes was also noted (Fig. 2B) . The score was reduced slightly to 3.6 ± 0.2 after 28 days, but infiltration by lymphocytes and plasma cells persisted.
After treatment with ampicillin, the gastritis scores decreased significantly (P < 0.001) to 1.6 ± 0.2, with improvement in inflammatory-cell infiltration (Fig. 2C) ,ug/dl (P < 0.01) after 7 days, 9,746 + 1,719 ,g/dl (P < 0.001) after 14 days, and 9,649 -+-1,302 ,ug/dl (P < 0.001) after 28 days. After treatment with ampicillin, the concentrations decreased significantly (P < 0.001) to 2,882 ± 821 ,ug/dl. For the control group, no significant change was observed in the ammonia concentration, which was significantly lower than it was for the infected group at 7 (P < 0.025), 14 (P < 0.01), or 28 (P < 0.01) days after inoculation (Fig. 3) .
Changes in levels of antibody in serum. In the infected group (five animals), the level of IgG antibody in serum was 64.6 + 24.2 ELISA units (EU) before inoculation and increased slightly to 96 ± 55.8 EU after 14 days and to 153.6 + 101.8 EU after 49 days, although the difference was not significant. In the control group, it remained between 52.6 + 0.9 EU and 62.6 + 2.6 EU, showing no marked change (Fig.  4) .
Findings after antibiotic treatment. No H. pylon in cultures from any of the five infected animals was recovered, and both the gastritis score and the ammonia concentration in gastric juice decreased significantly after ampicillin treatment ( Fig. 1 and 3) . However, the level of antibody in serum tended to increase even after treatment (Fig. 4) .
Findings in two infected animals after 6 months. As shown in Table 2 and Fig. 5 , in two animals (no. 6 and 7), bacteria were detected by culture and histological examination, and macroscopic gastritis was observed 7 days after inoculation. After 28 days, however, the gastritis became obscure and rapid urease test results were inconsistent. Infiltration by monocytes and polymorphonuclear leukocytes was noted in 21 days, beginning at 28 days after inoculation with H. pylon. Inflammatory-cell infiltration of the lamina propria was unremarkable; only a few monocytes could be observed. the gastric mucosa 7 and 14 days after inoculation and persisted until after 28 days; however, the polymorphonuclear leukocytes nearly disappeared after 3 months,'leaving monocytes as the primary cell infiltrate. The gastritis score decreased after 6 months, but neither cell infiltration nor the gastritis score had decreased to control levels. The ammonia concentration in gastric secretions remained high after inoculation, and the level of antibody (IgG) in serum tended to increase gradually from the level measured before inoculation.
DISCUSSION
Experimental animal models of H. pylon infection are indispensable in clarifying the pathogenic significance of this bacterium in gastritis and peptic ulcers. Gnotobiotic piglets, barrier-born pigs, gnotobiotic beagle dogs, and rhesus monkeys are considered sensitive to H. pylon, and inoculation challenge tests with H. pylon have been performed with these animals (2-6, 11, 13, 21).
In our initial animal experiments, we endoscopically administered 5 ml of a bacterial suspension (10 CFU/ml) mixed with four strains of H. pylon isolated from humans; however, no infection could be produced. Bacterial coloni- Days after inoculation FIG. 3. Changes in gastric ammonia concentration in Japanese monkeys. a, for the infected group, significant differences were observed between the value before inoculation and the values 7 (P < 0.01), 14 (P < 0.001), and 28 (P < 0.001) days after inoculation. b, difference between the infected group and the control group was not significant before inoculation but was significant 7 (P < 0.025), 14 (P < 0.01), and 28 (P < 0.01) days after inoculation. c, value after ampicilin treatment for 21 days, beginning on day 28 after inoculation. Empty box, control group (n = 5); striped box, infected group (n = 5). 
